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MODELS OF DYNAMICAL SUPERSYMMETRY BREAKING AND
QUINTESSENCE.
P. Bine´truya
aLPTHE, Universite´ Paris-XI, Baˆtiment 211, F-91405 Orsay Cedex, France
We study several models of relevance for the dynamical breaking of supersymmetry which could
provide a scalar component with equation of state p = wρ, −1 < w < 0. Such models would provide
a natural explanation for recent data on the cosmological parameters.
PACS numbers: 98.80.Cq, 98.70.Vc
INTRODUCTION
There are increasing indications that the energy den-
sity of matter in the Universe is smaller than the critical
density [1]. If one sticks to the inflation prediction of
ΩT = 1, then the natural question is the origin of the
extra component providing the missing energy density.
An obvious candidate is a cosmological constant, whose
equation of state is p = −ρ. This faces particle physics
with the unpleasant task of explaining why the energy
of the vacuum should be of order (0.003 eV)4, a task
possibly even harder than the one of explaining why the
cosmological constant is zero. In particular, it seems to
require new interactions with a typical scale much lower
than the electroweak scale, long range interactions that
would have remained undetected.
It has recently been proposed to consider instead a
dynamical time-dependent and spatially inhomogeneous
component, with an equation of state p = wρ, −1 < w <
0. Such a component has been named “quintessence” by
Caldwell, Dave and Steinhardt [2]. Indeed, present cos-
mological data seem to prefer [3], in the context of cold
dark matter models, a value for w of order −0.6. Several
candidates have been proposed for this component: tan-
gled cosmic strings [4], pseudo-Goldstone bosons [5]. Of
particular relevance to some issues at stake in the search
for a unified theory of fundamental interactions is a scalar
field with a scalar potential decreasing to zero for infinite
field values [2,6].
It has been noted that such a behaviour appears nat-
urally in models of dynamical supersymmetry breaking
(DSB) [6]. Typically, the scalar potential of supersym-
metric models has many flat directions, i.e. directions in
field space where the scalar potential vanishes. Once su-
persymmetry is broken dynamically, the degeneracy cor-
responding to the flat direction is lifted but generally the
flat direction is restored at infinite values of the scalar
field∗. We are thus precisely in the situation of a potential
∗In some cases, the field value may be interpreted as the
inverse coupling constant associated with the dynamics re-
sponsible for supersymmetry breaking. An infinite field value
smoothly decreasing to zero at infinity. This is usually
considered as a drawback of spontaneous supersymmetry
breaking models from the point of view of cosmology: in
the standard approach, the potential has a stable ground
state, where the potential is fine tuned to zero (in order to
account for a vanishing cosmological constant); but the
initial conditions and the subsequent cosmological evolu-
tion may lead to a situation where the field misses the
ground state and evolves to infinite values.
Dynamical supersymmetry breaking is often favoured
because it can more easily account for large mass scale hi-
erarchies such asMW /MP through some powers of Λ/MP
where Λ is the dynamical scale of breaking. It is thus a
natural question to ask whether the corresponding mod-
els may account for quintessence. Indeed, in this case,
there is a fundamental reason why the scalar potential
vanishes at infinity: this is related to the old result that
global supersymmetry yields a vanishing ground state en-
ergy. And there may be reasons as to why once it dom-
inates, the contribution of the scalar field to the energy
density is very small (again through powers of Λ/MP ).
In the following, we will discuss two models of dynam-
ical supersymmetry breaking which may be considered
as representative of semi-realistic models for high energy
physics. One is based on gaugino condensation coupled
to the dynamics of a dilaton field, the other uses the
condensation of Nf flavors in a SU(Nc) gauge theory.
MODELS WITH A DILATON
We start with a class of models, reminiscent of many
superstring models, where supersymmetry is broken
through gaugino condensation [7] along the flat direc-
tion corresponding to the dilaton field. Indeed, in many
superstring models, the dilaton field s does not appear in
the superpotential and thus corresponds to a flat direc-
tion in the scalar potential. It couples to the gauge fields
in a model-independent way:
means a vanishing gauge coupling and thus restoration of
supersymmetry.
1
L = −1
4
sFµνFµν (1)
where Fµν is the field strength corresponding to a generic
gauge symmetry group G and, throughout this article,
s is expressed in Planck mass units. Thus the vacuum
expectation value < s > can be interpreted as the inverse
of the gauge coupling 1/g2 at the string scale. Indeed,
it is directly related to the inverse of the string coupling
constant (see below). The interaction corresponding to
the gauge group G becomes strong at a scale:
Λ =MP e
−1/2bg2 = MP e
−s/2b0 (2)
where b0 is the one-loop beta function coefficient of the
gauge group G. The corresponding gaugino fields are
expected to condense:
< λ¯λ >= Λ3 =M3P e
−3s/2b0 (3)
and they lead to a potential energy, quadratic in the
gaugino condensates, that scales like e−3s/b0 . In the limit
of infinite s, that is of vanishing gauge coupling, the dy-
namics is inoperative and one recovers the flat direction
associated with the dilaton.
We have followed a very crude approach and there
are, of course, many possible refinements: one may in-
clude supergravity corrections, the effect of other scalar
fields such as moduli, as well as corrections which may
be needed to stabilize the potential for small values of
s (that is in the regime of strongly coupled string [8]).
For example, in a given model [9], the potential reads,
in term of the field ℓ which precisely describes the string
gauge coupling:
V (ℓ) =
M4P
16e2ℓ
{(1 + f − l df
dℓ
)(1 +
2
3
b0ℓ)
2 − 4
3
b20ℓ
2)}
× eg−3(f+1)/2b0ℓ, (4)
where f(ℓ) and g(ℓ) appear as non-perturbative contri-
butions to the Ka¨hler potential. The dilaton s is related
to the field ℓ as s = (1+f)/2ℓ. One recovers, in the limit
of large s (small string coupling ℓ) a leading behaviour
in e−3s/b0 .
Since there are obvious power law corrections to this
behaviour, we will consider a toy model of a dilaton field
s with a Lagrangian:
L = − 1
4s2
∂µs∂µs− V (s), (5)
where
V (s) = V0(s)e
−3s/b0 . (6)
The non-canonical kinetic term for s is caracteristic of
the string dilaton and accounts for the non-flat Ka¨hler
metric.
The cosmological evolution of the s field is described
by the following set of equations (κ = 1):
s¨
2s2
− s˙
2
2s3
+ 3H
s˙
2s2
+
dV
ds
= 0
H2 =
1
3
(ρB + ρs) (7)
where ρB is the background energy density associated
with matter (wB = 0) or radiation (wB = 1/3) and ρs =
s˙2/(4s2) + V (s).
If we first consider that V0(s) is a constant and solve
these equations assuming that ρB dominates for some
time, there exists a scaling solution with the following
behaviour:† the field s evolves down the exponentially
decreasing potential as (t/t1)
1−wB
1+wB as long as s remains
smaller than s1 ≡ 2b03 1+wB1−wB , reached at t = t1; for larger
values, there exists a scaling solution [11–13] where the
field evolves logarithmically as s = s1 + (2b0/3) ln(t/t1).
The ratio ρs/ρtot starts at 3(1− wB)2/16 for t ≤ t1 and
from then on slopes down to zero as (b20/6s
2)(1 + wB)
for large values of s. Finally, ws = ps/ρs starts at a
value of 1 and decreases monotonically towards wB as s
increases. There is therefore no hope of using the dilaton
for the dynamical component of quintessence since ws
never reaches a negative value. Power law corrections
(V0(s) ∝ sα) do not change this conclusion.
This might be in some sense a welcome conclusion
since the vacuum expectation value < s > provides, af-
ter renormalisation down to low energy, the fine struc-
ture constant 1/α. A sliding dilaton would make the fine
structure constant vary with time at an unacceptable rate
[14].
Similar conclusions can be reached with other types
of weakly coupled scalar particles, such as the moduli
of string theories. For example, in a model with sev-
eral gaugino condensates and a modulus field t describing
the radius of the six dimensional compact manifold, the
scalar potential scales for large values of t as [9]:
V =
∑
a
t
b+ba
ba e−π
b−ba
3ba
te−2<s>/ba (8)
where the sum runs over the different condensates (one
for each groupGa, with corresponding beta function coef-
ficient ba). We have fixed the dilaton field s at its ground
state value. Let us note that, although the modulus t def-
initely cannot be used for quintessence (since, as above,
the corresponding wt reaches asymptotically wB), a large
value of < s > may contribute to giving a small contri-
bution from t to the vacuum energy.
A MODEL OF FERMION CONDENSATES
We now turn to a model which yields inverse pow-
ers of fields in the potential, a welcome situation for
† For a similar analysis, although in a different context, see
Ref. [10].
2
quintessence models [6]. It is based on the gauge group
SU(Nc) and has Nf ≤ Nc flavors: quarks Qi, i =
1 · · ·Nf in fundamentals of SU(Nc) and antiquarks
Q˜i, i = 1 · · ·Nf in antifundamentals of SU(Nc).
Below the scale of dynamical breaking of the gauge
symmetry Λ, the effective degrees of freedom are the
fermion condensate (“pion”) fields Πij ≡ QiQ˜j . The dy-
namically generated superpotential reads [15]:
W = (Nc −Nf ) Λ
3Nc−Nf
Nc−Nf
(detΠ)
1
Nc−Nf
. (9)
Usually, one allows a term linear in Π in the superpo-
tential in order to stabilize this field. We will instead
assume here that a discrete symmetry ensures that no
linear term is allowed by the abelian symmetry. Let us
note that this symmetry cannot be a continuous gauge
symmetry since this would yield in the scalar potential
D-terms with positive powers of Π which would stabilize
the field.
The effective Lagrangian reads:
L = −1
2
Tr
[
(Π†Π)−1/2∂µΠ∂
µΠ†
]
+2Tr

(Π†Π)−1/2 (ΛΛ†)
3Nc−Nf
Nc−Nf
(Det Π†Π)
1
Nc−Nf

 (10)
where the potential originates from the F-term for the
field Π. For simplicity, we will take Πij to be diagonal
and write Πij ≡ Φ2δij with Φ real. One obtains:
1
4Nf
L = −1
2
∂µΦ∂µΦ + V (Φ) (11)
where
V (Φ) = λ
µ4+α
Φα
, (12)
with µ = (ΛΛ†)1/2 and
α = 2
Nc +Nf
Nc −Nf . (13)
The corresponding potential has been studied in Ref. [11]
in the case where ρB dominates over the energy density
ρΦ of the Φ field. One obtains
ρΦ
ρB
=
(
a
aQ
)6(1+wB)/(2+α)
. (14)
Hence ρΦ decreases less rapidly than ρB until it domi-
nates it for values of the cosmic scale factor larger than
aQ. Throughout this period (which must obviously in-
clude nucleosynthesis), one has:
ρΦ =
2(2 + α)
4 + α(1 − wB)
(
3(1 + wB)
α(2 + α)
)α
2
λ
µ4+α
MαP
(
a
aQ
) 6(1+wB )
2+α
Φ = MP
√
α(2 + α)
3(1 + wB)
(
a
aQ
) 3(1+wB)
2+α
. (15)
The equation of state for the Φ field has [6]:
wΦ = −1 + α(1 + wB)
2 + α
. (16)
Thus, in a matter-dominated universe (wB = 0), wΦ =
−1/2 + 2Nf/Nc which is between −1/2 and 0 for Nf ≤
Nc. This provides a candidate for the dynamics of
quintessence.
Once Φ/MP has reached the value
√
α(2+α)
3(1+wB)
, we enter
a different regime where ρΦ dominates the energy density.
The field Φ slows down and one may solve for ir neglect-
ing the terms Φ¨ in its equation of motion and Φ˙2/2 in
ρΦ. One obtains:
Φ = Φ0
[
1 +
1
2
√
3
α(4 + α)V (Φ0)(t− t0)
] 2
4+α
, (17)
where Φ0 is the present value for Φ, and one obtains
wΦ ∼ −1 + α
2
3Φ2
. (18)
If ρΦ at aQ is already close to the present value (this oc-
curs typically for µ ∼ 10−12+30α/(4+α) GeV), this second
period is short (aQ ∼ a0) and wφ will be given approxi-
mately by (16). For simplicity, we will suppose from now
on that this is so. In this case, the value of wΦ might
prove to be too small to account for the data [16].
However, larger values for wΦ may be obtained by com-
plicating slightly the model and introducing other fields.
As an example, we will assume the presence of a dilaton
field, much in the spirit of the models of the previous
section (although the dilaton is this time not sliding but
fixed at its ground state value). The dynamical scale
Λ is expressed in terms of the dilaton through (2) with
b0 = (3Nc−Nf )/(16π2). This induces a new term in the
scalar potential:
δV = 4s2|Fs|2, (19)
with
Fs =
dW
ds
= −8π2 Λ
3Nc−Nf
Nc−Nf
(Det Π)
1
Nc−Nf
. (20)
that is an extra term of the form µ4+β/Φβ with
β =
4Nf
Nc −Nf . (21)
Since β < α, this term dominates for large values of the
condensate Φ and, for wB = 0,
3
wΦ = −1 + 2Nf
Nc +Nf
, (22)
which precisely lies between−1 and 0: taking for example
Nc = 5 and Nf = 1 yields wΦ = −2/3.
There could be other contributions to the F -term aux-
iliary field for S, say F0 (which will contribute to su-
persymmetry breaking). If so, the leading term in δV for
large Φ is F †sF0+FsF
†
0 and β = 2Nc/(Nc−Nf), in which
case wΦ = −1+Nf/Nc. This time, one may even obtain
wΦ = −2/3 with Nc = 3 (Nf = 1).
Strictly speaking, the leading term is |F0|2 and thus of
the cosmological constant type. But this is an artifact of
global supersymmetry and it is well-known that, by going
to supergravity, we may cancel this cosmological constant
term, while keeping a non-vanishing contribution F0 to
the F -term of the S field. Such a study goes beyond the
framework of this paper. This stresses however an impor-
tant fact: even if we deal here with a dynamical compo-
nent (Φ) which may account for a cosmological constant
type behaviour of the cosmological parameters, it is im-
portant that the Φ energy density eventually dominates
over all other forms and thus that these other compo-
nents do not produce a significant cosmological constant
of their own. Thus, the cosmological constant remains a
problem for all other components.
Likewise, the amount of supersymmetry breaking due
to the fact that Φ has not reached an infinite value
(and thus its F -term is not vanishing) is not sufficient to
account for the amount of supersymmetry-breaking ob-
served in nature. There must be other sources (e.g. F0
in our example) which may produce unwanted amounts
of cosmological constant if care is not taken.
In other words, there is still a “cosmological constant
problem” in the models studied here (that is to say, from
the point of view of the quantum theory) but the interest
of such models lies in the fact that they can successfully
account for the recent cosmological data on supernovae
of type Ia, if confirmed.
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